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INTERCHANGEABLE HORIZONTALLY AND VERTICALLY 
LASER SUITABLE FOR USE IN SMALL SPACES 

BACKGROUND OF THE INVENTION 
The present invention relates in general to alignment instruments used in construction, 
and in particular, to laser transmitters capable of operating while oriented horizontally or 
vertically, and which are suitable for use in confined spaces. 

Reference laser beam systems are used in numerous surveying and construction 
applications. In one such application, a laser beam transmitter is used as a direction and grade 
reference during the installation of sewers and other pipes. Basically, a pipe laser provides a 
stationary, collimated beam of light that is directed axially along the centerline of a pipe 
installation. The light beam serves as a visual guide in order to maintain individual sections of 
pipe in a straight line at a particular grade. A laser beam target is typically placed within each 
new section of pipe being set into place. The target and the new section of pipe are manipulated 
until the collimated light is centered on the target. Upon centering the target and securing the 
new section of pipe in position, the target is removed and relocated to the next new section of 
pipe. 

During construction of pipe systems, it is common for a number of manholes to also be 
installed. Manholes, also referred to interchangeably herein as hubs, are an important aspect of 
the pipe system. Hubs serve as repair stations for necessary maintenance and upkeep after the 
pipe system has been installed. Hubs may also be used to collect and reroute sewage, couple 
pipes of different diameter together, change pipe slope or elevation and reference the line, grade 
and depth of the pipe. 

Pipe sections used for sewers are typically large, generally cylindrical sections of pipe. 
For example, sewer pipe sections are typically at least six inches (150 millimeters) or larger in 
diameter. Hubs are typically anywhere from 3-5 feet (91 centimeters to 152 centimeters) in 
diameter, and may be positioned as deep as 30-40 feet (nine meters to twelve meters) into the 
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ground. However, in certain locations about the world, such as in Japan and Sweden, the 
diameter of the sewer pipe is being greatly reduced. Also, traditionally large hubs are being 
replaced by single piece plastic hubs, referred to as clean outs. Unlike traditional hubs, clean 
outs have an entry diameter of approximately 12 inches (300 millimeters). Comparatively, a 
5 typical hub is typically 24-30 inches (600-800 millimeters) in diameter. Due to the space 

constraints of the clean out and the associated relatively small diameter pipe sections that connect 
thereto, it is not always possible to orient a typical pipe laser in a clean-out so as to direct the 
laser beam in a desired direction. This is because pipe lasers are typically long, generally 
cylindrical devices that cannot be rotated or easily positioned within the confined spaces of the 
10 new clean outs. Accordingly, typical pipe lasers cannot be used to lay pipe systems that utilize 
the smaller clean outs. 

SUMMARY OF THE INVENTION 
The present invention overcomes the disadvantages of previously known devices by 
15 providing a drive leveling device for a laser transmitter that retains an accurate level orientation 
within its housing and can be accurately positioned in at least two orthogonal axes. 

According to an embodiment of the present invention, a laser transmitter comprises a 
housing having a first laser exit window and a second laser exit window. A drive device within 

20 the housing is operatively configured to rotatably orient a laser source such that a reference beam 
from the laser source exits the housing through a select one of the first and second laser exit 
windows as a collimated laser output beam. The first and second laser exit windows may be 
oriented with respect to the housing in substantially orthogonal planes for example. Such an 
arrangement allows the laser transmitter to be used when the housing is oriented both vertically 

25 and horizontally. Accordingly, the laser transmitter is suitable for use in small spaces such as 
pipes and sewers. 

According to another embodiment of the present invention, a laser transmitter includes a 
housing having two exit windows positioned in generally orthogonal planes. The laser 
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transmitter includes a leveling mechanism that is capable of directing a collimated beam through 
a select one of the two exit windows, in a generally horizontal direction at a specified grade 
irrespective of whether the laser transmitter is oriented generally horizontally or generally 
vertically. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
The following detailed description of the preferred embodiments of the present invention 
can be best understood when read in conjunction with the following drawings, where like 
structure is indicated with like reference numerals, and in which: 

Fig. 1 is a perspective view of a laser transmitter according to an embodiment of the 
present invention illustrating an exemplary layout for multiple laser exit windows therein; 

Fig. 2 is a perspective view of the laser transmitter according to Fig. 1 illustrating 
exemplary operational controls provided on the laser transmitter; 

Fig. 3 is a block diagram illustrating a portion of a laser assembly according to an 
embodiment of the present invention; 

Fig. 4 is a perspective view of a portion of a laser assembly where a drive leveling device 
has oriented a collimated laser output in a first direction; 

Fig. 5 is a perspective view of the laser assembly of Fig. 4 where the drive leveling device 
has oriented the collimated laser output in a second direction; 

Fig. 6 is a perspective view illustrating an exemplary laser assembly according to an 
embodiment of the present invention; 

Fig. 7 is a block diagram of a drive leveling device for a laser transmitter according to an 
embodiment of the present invention; 

Fig. 8 is a schematic illustration of a laser transmitter according to an embodiment of the 
present invention in an exemplary application positioned generally horizontally within a 
manhole; 

Fig. 9 is a schematic illustration of the laser transmitter of Fig. 6 in another exemplary 
application positioned generally vertically in a small clean-out manhole; 
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Fig. 10 is a schematic illustration of a laser transmitter according to an embodiment of the 
present invention in an exemplary application positioned generally horizontally within a manhole 
where a collimated beam is directed at a predefined grade in line with a pipe; 

Fig. 1 1 is a schematic illustration of a laser transmitter according to an embodiment of the 
present invention in an exemplary application positioned within a pipe near a manhole; and 

Fig. 12 is a schematic illustration of a laser transmitter according to an embodiment of the 
present invention positioned in a typical clean-out manhole in cooperation with a pipe section 
that is not at the bottom of the clean-out. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
In the following detailed description of the preferred embodiments, reference is made to 
the accompanying drawings that form a part hereof, and in which are shown by way of 
illustration, and not by way of limitation, specific preferred embodiments of the invention. It is 
to be understood that other embodiments may be utilized and that logical, mechanical and 
electrical changes may be made without departing from the spirit and scope of the present 
invention. 

Referring to Figs. 1 and 2, an exemplary laser transmitter 10 according to an embodiment 
of the present invention is illustrated. The laser transmitter 10 includes a housing 12 that 
preferably provides at least some degree of protection from sewage effluents, debris from 
excavating and other hazards associated with construction sites. As shown, the housing 12 is 
generally cylindrical and includes a top face 14, a front face 16, a body portion 1 8 and a handle 
portion 20. The top face 14 includes a first laser exit window 22 for passing a reference beam of 
laser light therethrough when the laser transmitter 10 is oriented for a vertical mode of operation. 
The top face 16 also optionally includes a first communications window 24 for receiving 
wireless communications from an external device. For example, the first communications 
window 24 may be configured to receive infrared signals from a remote programming device 
when the laser transmitter 10 is being used in the horizontal mode of operation. The front face 
16 includes a second laser exit window 26 for passing the reference beam of laser light 
therethrough when the laser transmitter 10 is oriented for a horizontal mode of operation. As 
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shown, the first and second laser exit windows 22, 26 are positioned in generally orthogonal 
planes. 

A level 28 is provided in the handle portion 20 of the housing 12. The level 28 can be a 
conventional bubble level, or any other leveling device, and may alternatively be positioned 
about other parts of the housing 12. Referring to Fig. 2, the housing 12 further comprises a back 
face 30 that includes one or more operational controls 32. For example, as shown, the 
operational controls 32 may include a display area 34 and an input section 36. The display area 
34 conveys information to users concerning the operational parameters of the laser transmitter. 
For example, the display 34 area may visually convey that the laser transmitter 10 is set to a 
selected grade, that the laser transmitter 10 is properly set up for operation, etc. The display 34 is 
preferably large enough that a user can read the display from a distance. For example, the laser 
transmitter may be positioned within a manhole, and a user may need to read information from 
the laser from a position outside the manhole. The back face 30 may also include a second 
communications window 38 for receiving wireless communications from an external device. 
The second communications window 38 is optional, but may be convenient, for example, when 
operating the laser transmitter 10 in the vertical mode of operation with an infrared remote 
programming device. 

The laser transmitter 10, according to an embodiment of the present invention, includes a 
single laser that can be repositioned for operation in either of the horizontal or vertical modes of 
operation. Referring to Fig. 3, a laser assembly 50 according to an embodiment of the present 
invention is illustrated. The laser assembly 50 allows a user to re-orient a reference beam 52 of 
laser light from a laser source 54 so as to exit the housing 12 through a select one of the first and 
second laser exit windows 22, 26 as a collimated beam. A drive device 56 such as one or more 
motors, and optional drive assembly 58, such as an assembly of gears, sprockets, cogs, belts, 
pulleys and/or other mechanical coupling devices are provided to selectively pivot the laser 
source 54 within the housing 12 such that the reference beam 52 of laser light is directed out a 
select one of the first and second laser exit windows 22, 26. Preferably, the reference beam 52 
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may be adjustably directed out through a select one of the laser exit windows 22, 26 in two 
dimensions so as to allow for the selection of a desired grade and/or for side-to-side redirection 
of the reference beam 52. A controller 60 is used to gather information from one or more level 
sensors 62 and is operatively arranged to control the drive device 56 for pivoting or otherwise 
transitioning the laser source 54. 

Referring to Figs. 4 and 5, according to an embodiment of the present invention, at least a 
portion of the laser assembly 50 is secured to a frame 70. The frame 70 rigidly and fixedly 
mounts inside of the housing discussed with reference to Figs. 1 and 2 herein. Of course, the 
frame 70 may be replaced with one or more internal surfaces of the housing, or any other rigid 
aspect of the laser transmitter that remains fixed with respect to the housing. As shown in Fig. 4, 
the frame 70 includes first and second support members 72, 74 in spaced relation to one another. 
The frame 70 may also comprise a third support member 76 having an optional frame aperture 
78 therein. 

The laser source 54 is secured by a holder 80, which is pivotably arranged between the 
first and second support members 72, 74 of the frame 70 by leveling points 82. The drive device 
56 is operationally configured to pivot the holder 80 with respect to the frame 70 (and thus the 
housing) for aligning the laser source 54 to a desired location. For example, as shown in Fig. 4, 
the laser is aligned in a first position with respect to the frame 70 that is associated with the 
horizontal mode of operation. Referring to Fig. 5, the drive device 56 has pivoted the laser 
source 54 approximately 90 degrees to a second position associated with the vertical mode of 
operation. 

Referring to Fig. 6, the holder 80 provides the necessary structure to support the various 
assemblies and subassemblies hereof. It should be noted that the frame 70 shown in Figs. 4 and 
5 has been removed for purposes of clarity. Two leveling points 82 are oriented on opposite 
sides of the laser assembly 50, and define a leveling axis 84 therebetween. Each of the two 
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leveling points 82 is pivotably supported by an associated one of the first and second support 
members 72, 74 of the frame 70 discussed with reference to Figs. 4 and 5. 

The laser source 54 is positioned within a channel 86 of the holder 80. The channel 86 
orients the output beam of the laser source 54 so that the beam is directed towards a laser 
aperture 88 in the holder 80. Preferably, the laser source 54 may be slid back and forth within the 
channel 86 until the laser source 54 is in the proper focus. Once the laser source 54 is suitably 
positioned, one or more clamps 90 secure the laser source in place. Any number of alternative 
clamping and focusing approaches may also be used, however. The laser beam preferably passes 
through or near the leveling axis 84 defined between the leveling points 82 and exits through the 
laser aperture 88 in the holder 80. 

The laser assembly 80 further comprises three subassemblies that each serves a role in 
positioning the laser source 50. The first subassembly is a drive leveling subassembly 92 that 
serves to level the laser with respect to a predetermined plane of reference. For example, the 
drive leveling subassembly 92 typically adjusts the laser source 54 towards level with respect to a 
horizontal plane. The second subassembly comprises a tilt or grade adjustment subassembly 94 
that provides tilt to the laser source 54 such that the reference beam of light can be transmitted at 
a predetermined grade. The third subassembly comprises a line control subassembly 96 that 
serves to rotate the laser source 54 to the right and left for repositioning the reference beam of 
light off axis. 

According to an embodiment of the present invention, the laser source 54 is arranged to 
transmit the reference beam of light generally horizontally at a select grade irrespective of 
whether the housing of the laser is oriented substantially vertically or substantially horizontally. 
The ability of the laser transmitter to significantly re-orient the laser is accomplished using the 
drive leveling subassembly 92. The drive leveling subassembly 92 should preferably be able to 
re-orient the laser for operation over approximately 90 degrees of operation. According to an 
embodiment of the present invention, the drive leveling subassembly 92 is capable of operating 
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over a 135 degree range. Of course, other operational ranges may be implemented. The drive 
leveling subassembly 92 comprises generally, a first drive device and a first leveling gear 
arrangement 100. 

The first drive device 98 is used to provide the drive for leveling out the laser source 54 
and can comprise for example, manual, motor or solenoid-driven systems. The first drive device 
98 may comprise for example, a stepper motor that is preferably capable of precision step control 
suitable for fine position leveling. To accomplish such precision step control according to an 
embodiment of the present invention, the first drive device 98, implemented using a first stepper 
motor, is directly coupled to the first leveling gear arrangement 100. As shown, a first gear 102 
is concentrically arranged along the pivoting axis 84 defined between the leveling points 82. The 
first gear 102 is meshed with a spur gear reducer 104. Depending upon the arrangement of the 
first drive device 98, an optional gear reduction box 106 may be required to interface the spur 
gear reducer 104 with the first drive device 98. 

The gear reduction box 106 preferably cooperates with the spur gear reducer 104 and the 
step resolution of the first stepper motor 98 to provide level position control and an overall step 
resolution on the order of arcseconds or less. Because of the sensitivity and precision of the 
gears, a safety device may also be provided that prevents impact loading transfer from damaging 
the first leveling gear arrangement 100. For example, a slip clutch 108 can be coupled to the first 
gear 102. As the first stepper motor 98 sequentially steps through rotation of its shaft, the holder 
80 is thus rotated with respect to the housing and frame (not shown in Fig. 6) about the leveling 
points 82 via the first leveling gear arrangement 1 00. 

To properly orient the laser source 54, the drive level subassembly 92 cooperates with a 
null sensor 1 10, a bubble vial for example, to zero out the laser source 54. The drive leveling 
subassembly 92 is also optionally capable of autoleveling over a predetermined range. For 
example, according to an embodiment of the present invention, the drive leveling subassembly 
92 is capable of autoleveling over a range of 200 arcseconds. Basically, the reference beam is 
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maintained and controlled by the null sensor 1 10, by providing a controller (not shown in Fig. 6) 
with feedback of any deviations from level. Any deviation from level is then corrected by the 
first drive device 98, which drives the leveling gear arrangement 100 toward the level position 
indicted by the null sensor 110. Under this arrangement, a single laser is capable of being 
operated at different orientations that span 90 degrees or greater. For example, where the null 
sensor 1 10 is a bubble sensor, the bubble sensor knows that it is level, too high, or too low. The 
bubble sensor cannot tell you how far the level is too high or low however. The drive level 
subassembly 92 thus tries to follow the line of the bubble vial and continuously tries to hone 
towards a level position. Optionally, the drive leveling subassembly 92 can incorporate a course 
orientation switch to account for accuracy requirements for course as well as fine adjustments. 

The tilt adjustment subassembly 94 allows the laser source 54 to operate at a select grade. 
As pointed out above, the null sensor 110 provides an output signal that indicates whether the 
level sensor is level. Essentially, a second drive device 112 drives the null sensor 1 10 to a user 
input grade position, and then the drive leveling subassembly 92 levels out the laser assembly 50 
to the null sensor 110 thus orienting the reference beam to the selected grade. 

A number of different arrangements can be incorporated for adjusting the tilt of the null 
sensor 110. For example, according to an embodiment of the present invention, a grade arm 1 14 
supports the null sensor 110 such the null sensor 1 10 is pivotable about tilt point 116 with 
respect to the laser source 54. Briefly, the second drive device 1 12, a second stepper motor for 
example, drives a worm gear assembly 1 1 8 in response to a user input grade that is attached to a 
screw shaft. The threading on the screw determines the range of grade available. When the 
screw is turned, a nut traverses the shaft of the wormgear thus adjusting the grade. 

Due to precise manufacturing tolerances, the gears of the worm gear assembly can be 
arranged to provide adjustments on the order of magnitude of arcseconds. As such, a lookup 
table or equivalent computation in the controller can be used to equate a desired grade adjustment 
with a number of gear teeth that corresponds to that grade. For example, each step of the second 
drive device 1 12 can be equated to approximately two arcseconds of angular motion. After the 
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laser source is leveled, it is a simple matter to energize the tilt drive device to sequentially step 
through a rotation of the gears. Once^the desired number of gear rotation increments has been 
counted out, then the tilt drive device is stopped. Basically, the second drive device 112 drives 
the null sensor 1 10 up or down to the desired grade. Next, the system auto levels, but because 
the second drive device 1 12 has tilted the null sensor 110 with respect to the laser source 54, 
when the drive leveling subassembly 92 levels the laser source 54 to the null sensor 110, the 
reference beam will be angled at the programmed grade. As such, the level and the grade 
adjustments can be made to be independent. 

According to an embodiment of the invention, the line control subassembly 96 allows the 
reference beam to be adjustable to the left and right. Briefly, a third drive device 122, such as a 
third stepper motor, is configured to pivot the laser source 54 in a side to side motion. As shown, 
the third drive device 122, and optional gearbox, drive a worm gear 124 which meshes with one 
or more line cogs or line gears 126 to selectively pivot the laser source 54 to the left and to the 
right about a vertical post that allows the mechanism to pivot to the right or left with respect to 
the window. That is, once leveled, the laser can be directed right or left. In practice, a simple 
open-loop control system can be used to drive the laser source to the right and left. Accordingly, 
the system provides at least two degrees of freedom including the tilt and line. 

The system may also optionally include a roll level sensor 130. The typical pipe has a 
curved bottom, which can cause the laser to become off balance. The roll level sensor 130 as 
illustrated in the example herein, does not provide leveling information directly. Rather, the roll 
level sensor 130 is configured as a switch that trips when the laser transmitter housing has 
become too far out of alignment to properly and accurately operate the laser. For example, when 
a laser transmitter is setting in a pipe, it is possible for the laser to become unstable and begin to 
roll around, or at a minimum, become out of alignment. According to an embodiment of the 
present invention, the roll level sensor is configured to sense whether the laser has been rotatively 
misaligned along its centerline axis to a magnitude that would not allow the laser to meet 
predetermined accuracy requirements. If the roll vial is triggered, for example, due to the laser 
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rolling in a pipe, then an indication such as an audible, visual, or other perceptible signal is sent 
by the laser transmitter so that users know that the laser needs to be reset. For example, the roll 
level sensor may trigger the laser to blink, turn off, or give any other cue (audibly, visually etc) 
that the laser is out of alignment. 

Referring briefly to Fig. 7, a block diagram illustrates a system according to an 
embodiment of the present invention that can utilize the laser assembly 50 described with 
reference to Figs. 4-6. Basically, the laser source 54 is adjusted by the drive leveling 
subassembly 92 and the line control subassembly 96. The grade adjustment subassembly 94 
adjusts the laser source 54 indirectly by pivoting the null sensor 110. Initially, the controller 60 
drives the laser source 54 to a generally horizontal direction. That is, if the housing of the laser 
transmitter is positioned vertically, the controller 60 will rotate the laser source to the first exit 
window 22. If the laser transmitter is oriented horizontally, the controller 60 will orient the laser 
source towards the second exit window 26. Next, if a grade has been established, the controller 
sets the grade adjustment subassembly 94 to the proper position. Grade can be entered either via 
the operational controls 32, or information may be transmitted to the controller 60 via the first or 
second communications windows and corresponding receiver(s) 132. Once the null sensor 1 10 is 
tilted to the appropriate grade, the autoleveling system zeros out the level Also, if a line 
adjustment has been input, either from the first or second communications windows or from the 
operational controls, the controller 60 directs the line adjustment subassembly 96 to rotate the 
laser source 54 to the desired position. If, during operation, the laser transmitter becomes 
unstable and rolls, or another major disturbance occurs, the roll sensor 130 trips informing the 
controller 60 to signal that an alignment problem has occurred. 

Figs. 8-12 illustrate exemplary positioning of the laser transmitter according to various 
embodiments of the present invention in a typical application of laying sewer pipes. During pipe 
installation, the collimated laser output beam is directed along a centerline of the pipe and is used 
as a visual guide for both line (directional) and grade (inclination) measurements. Referring to 
Fig. 8, the laser transmitter is illustrated in the horizontal mode of operation. The laser 
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transmitter 10 is positioned in a hub 200 that is sufficient in diameter to allow the laser 
transmitter 10 to be positioned horizontally. The reference beam 52 is set to a grade of zero. 
Referring to Fig. 9, the laser transmitter 10 is positioned in a clean out 202. As can be seen, the 
clean out 202 does not have a sufficient diameter to lay the laser transmitter 10 in horizontal 
mode. As such, the laser transmitter is oriented in vertical mode. Fig. 10 illustrates operation of 
the laser transmitter 10 in the horizontal mode at a predetermined grade. Fig. 1 1 illustrates 
positioning the laser transmitter 10 in a pipe 204 that itself is at a grade. Fig. 12 illustrates the 
laser transmitter 10 in a clean out 202. However as illustrated, the laser transmitter could not rest 
on a level surface. As such, a suspension mechanism 206 is used to stabilize the laser transmitter 
during operation. 

Having described the invention in detail and by reference to preferred embodiments 
thereof, it will be apparent that modifications and variations are possible without departing from 
the scope of the invention defined in the appended claims. 

What is claimed is: 
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